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DEVELOPliENTOF AN IMPINGIN&l”ETFUEL-INJECTIONVALVE-NOZZLE

By J. A. Spanogle,andG. T.Hemmeter
,, ,.

Suimary “’

Duringan.investigation,todeterminethepossibilitiesand —
limitationsof a two-stroke-c~cle,enginewithfuelinjection

andsparkigniti~n2it wasnecessarytodevelop.afiel-inj.ection

valv.enozzl.etoproducea disk–shaped,well-disp.ers.e.d.sp,ray.‘.

Preliminarytest~showedthattwosrmothjetsimpingingupon~

eachothe’rat an angleof 74 degreesgavea spraywi.~hthetie- --
siredCharacteristics.lTozzles”werebuilton thisbasis and,

whenu&edL“infuel-injectionvaltes,produceda spraythat:fuZ-
.

filled”theoriginalrequirements.Thesprayis sowell.d~s-

1 persedt,hat,.it canbe carziedalongrithan airstxesmof com-
.

paratively10Tvelocityor entrainedwiththefuel,jetfroma

round-ho’le‘orifice.Thischaracteristicof thesprayfroman

impinging-jetnczzlelimitsitsapplicationto situationswhere

widedispersionis requiredby theconditionsin the,enginecyl–

inder.sad,thecombustionohamber.

Introduction.,

Thestaffof theNationalAdvisoryCommitteefor,AeTonautics
. at theLangleyMemorialAeronauticalLaboratoryhasundertaken

theinvestigationof thepossibilitiesaiidlimitationsof the8
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two-stroke-cyclehigh-speedfuel-inject,ionengineas a meansfor

increasingthepowerperunitof displacementobtainablefroman

enginesuitedto aircraftuse. Forthisinvestigationitwas

desirabletohivean enginecapableof coveringa widerangeof :,.:
experimentalconditions.Thisrequireinentmadethedesignof

thefuel-injectionvalveandnozzle,as wellas otheraccessory

par~sfo~thisengine,a ratl.i6rdifficultproblem.‘ --

‘Thecylinderforthisengin’e”kadbeendecideduponbefore

thedesignof thefuel-injectionvalvewas startedandhad four __

holes:thatcouldbe usedforthefuel-injectionvalveor valves.

Theseholeswereinpairsdiametricallyopposed;oneholeof the

firstpairin eithersideof thecombustionchamberandtheother

pairsimilarlyarrangedin thec~linderwalljustabovetheair-

admissionportsso thatthefuelcouldbe injectedintotheair
.

streamas it enteredthecylinder.As thisair flowcouldbe

controlledtobe eitherradialor tangentialto thecylinder, s

thesprayhadtobe nearlycircularin shape,perpendicularto

theaxisof thecylinder,and,at the sametime,welldispersed.

Fortheradialflowwithinjectionintothecombustionchamber,

theresidualairflowisnegligibleandtbemovementof theoil .._.._

mustbe dependeduponforproperdistribution..Fortangential .

flowtheresidualvelocityinthecombustionchamberis lowand

thereforethespraymustbewelldispersedtoobtainproPerdis- .

tribution.Foreithert~~eof airflow,withinjectionthrough .

thelowercylinderwallholes,thespraym~stbe welldispersed .

,
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to followthisairflowandproducea properuixtureof fueland

air (internalcarburetion).

Thedispersionrequirementseeaedmostimportantandimping-

ingjetsofferedthesirflplest‘aeansof obtainingthisdispersion.

A preliminarytestapparatuswasassembledto determinethere-

quirementsof a fuel-injectionvalvenozzlebuilton theimping-,.
ing-jetprinciple.

PreliminaryNozzleInvestigation

Thea~paratusshownin thephotograph(Fig.1)wasus”edto

determineexpeYirfientallythefactorsaffecti~~thephysicalchar-

acteristicsof thesprayfromimpingingjets. Twonozzleswere

nountedin an adjustableholderwhichmadeitpossibleto vary

. theangleof.impingementandthedistancebetweenthenozzlesas

wellas to adjusttheaxesof the jetsto crossexactly.These
*

nozzlesweresuppliedwithfilteredliquidthrougha regulating

valveby whichthedischargepressurecouldbe controlled.The

flowpathsto thenozzlewerekeptas nearlysimilaraspossible.

Waterwasusedas thefluidinthepreliminarytestsandcouldbe

suppliedeitherdirectlyfromtheLaboratorynainsat pressures

up to 60poundspersquareinchor obtainedfroma high-pressure

reservoirwhichallowedcontinuousoperationof thejetsforap-

proximately3 minutes.Thepressurein thisreservoirwasob-

tainedby meansof an airbottle..

●
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Thefirst,nozzletested(aandb inFig.2) hadstraight,,.
long,round-holeorificeswhichdidnotgivequff$cientlysuooth ‘

jetsandwhich,in spiteof caretakenintheirmanufacture,did “

not”givesimilarjets..Thetestwiththesenozzlesindicated.

thatitwasverynecessarytohavethejetsof,thesamesizeat
..<

theppintof,impingementor onejetwouldpassthroughthe.o.ther.“ .,
withouteitherforminga diskor dispersingthejets. .

To obtainsmooth,sta’isleflowfromthenozzlesitwasde-

cidedtomakenew‘nozzleswitha convergingentrance,a short

cylindrical,yortion,anda roundedexitas showninFigure2c.. . .
Theangleof,tb.econvergingentrances 22-1/2degreesmerely‘.
because.,t,hat~hapere~merwasavailable.Thelength,andthe
I ., -:
(diameterofthecylindricalportionareequal. Althoughthe

[
rounded,edgeis,necess~ryat theexititsradiusis knowntobe .

..:
relatively,unimportant..!I!nesenozzlesgavejetswhiohwereen- .
,tirelysati~factoryas,tosize,typeof flow,anddirectional

stabilityovertheentirerangeofpzessuzesused.

Adjustmentof thenozzleforproperimpingementwasaccom-., .—
plishedby firstqligningthejetsat lowfluidpressures..I-f .

theliquiddiskforiuedat thepointofimpingementof thetwo
,- .-

solidjetsyw+.sp,erpendi.cularto theplanedeter:~inedby t-he ,.=
axes.ofthenozzles,theimpingementwouldbe satisfactoryat.,.. ..
higherpressur,es,and,resultin a well-dispersedspray.The,.
nearerthenozzleswereto eachotherthe easieritwasto ob- ,

tainthisadjustment.
-.,
.
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Itwasfoundthattheanglesbetween72,degreesand76 .

degreesgavea spraypatternwhichwas sonearlycircularthat

an angleOf 74.degreesbetwpenthe.orificeaxeswasadoptedasI
themostdesirable.Satisfactoryatomizationanddispersion

wereobtainedatpressuresabove150poundsper squareinch.

Witlnthesameorificesactingsingly,(nonimpingement)andwith

otherwiseidenticalinjectionconditions,no atomizationand

littledispersionwereobservedat theselowpr~sSures.,

After,thetestswithwater,thenozzleapparatuswascon-

nectedto a fuel-injectionpumpandDieseloilwasusedto see

if therewas anychangein thecharacteristicsof thespray.

As no changewasobservedthenozzlewasdesignedon thisbasis.

Duringtheseteststhespraywas lightedandit continuedto,,
burnwithinjectionsintotheatmosphereat therateof 750per

minute. Theflamewas a brilliantyellowwithbutlittlesmoke.

As a resultof theseinvestigationsa nozzlewasdesigned

as shownii~Figme 2d. Thisnozzlehadtwoorificeswhichwere

similarin sectionto thoseusedin thepreliminarytestsand

wereinclinedat an angleof 74 degreesto eachother. The !
pointof impingementwaskeptas closeaspracticableto the \

nozzleexitsothatmoreexactimpingementBightbe obtained,‘

andthisalsodecreasedtheprobabilityof thesolidjets

breakingup beforeimpingement.Thelatterfeaturewasfound

to be verynecessary, becauseif thejetsbrokeup beforeim-

pingement,onespraywouldpiercetheotherwithoutgivingthe

desiredatomizationanddispersion.
●
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ValveDesign .

Aft”erdeterminingthedesignofthenozzle(Fig.2d)itwas
,,

npcessaryto designa“suit”ablevalveas shownin Figure3. This

valvehas & large“flatseattoreducethestemmovementnecessary
,:

firtherapi~’admiasionof thefuel,@t hasa disadvantagein”

thatthe patlx”of”’the-oilafterpassingtheseat”chpngesdirection

toooftefi’.<”Thisvalfehasgivensatisfactorymechanicaloperation

withtlie?”excep~tonof asli,ght&~~bblingaftercut-off;someero-

sionof the‘Seatoccurredwhichmasnormalmd’to‘beex~ected.

“ Toreduce”~hevolumeof oil,betwsen”thesetitandtheoutlet

“tothe’nokzl’eandalsoto’eliminate’onechangebf directionof

theoil~ati,anothe2valve(Fi~.“4)wasdesignedwitha hollow
,.

‘stem.“Thisval’ve-ha&alkogivensatisfactorymechanicalopera-

tion withless’dribble,’althoughit,”too,is subjectto erosion

of theseats:“-

A third’valv’e’

constr’uc:t;”“bec”ause

wasbuilt(Fig.5)whichwassimplerto

of thesubstitutionof a spring-loadedpopjet

valvefor’’ths’lap’ped

Th~g‘tlcsi&lwas
,.,,

work?vh’eYe:’sharpness

stem.

intendedforuse in int-erilal-c”hr’buretion

of’start-andcut-offIsnotneariyso“ire--”
,.

portant“kswh~fi’”th’einjectionis directlyintothecoubustlon
-.

cha&’er.”’‘““-” “

The”-dribbleaftercut-offmaybe dueto theco~paratively

largevolumeof’o“ilbetweenthe&.lveand’theorificeexits.‘

,

.
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Furtherdesignwillbe necessaryto effecta reductionin this

volumeandthusdiminishdribbling.Atpresenttheworkis di-

rectedtowardmaximumpoyerratherthantowardfueleconomyso

thatthisdribbleisrelativelyunimportant.

TestResults

Visualobservation,wheninjectingintotheatmosphere,and

sprayphotographstakenwiththeN.A.C.A.sprayphotographicap-

paratusindicate,thatthesprayis finelyatomizedand,welldis-

persed.Thesprayphotographs(Figs.6a and,6b)showa moreuni-

formdispersion

havingnumerous

tographedspray

thanhasbeenobtainedwitha multiple-jetnozzle

smallorifices.“The

is a fineindication

spraypenetrationcurvesof Figure7.
ooinparativelylowvelocityandtobe

uniformdensityof thepho-

of gooddispersion.The

showthespraytobe of

considerablyaffectedby ,
. ch&ges in chamberpressure.As tlnesecurvesaredevelopedfrom

theextreneouterportionof the spray patterntheyshowthat

thesprayshouldapproximatelyfitthecombustionchamberof the

cylinder(4-5/8-inchbore)formhichitwas designedandthat

theadditionalpenetrationunderlowerairpressureswhenin-

jectingintothe”ai~streanwillbe takenup by thetravelof
? thespraywiththeairstrean,therebyreducingtheprobability

of washingthecylinderwallswithfuelandimpairingthelu-

brication.
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Coefficient-of-dischargetestsof theimpinging-jetnozzle
..

showthnttheshapeof theflowpass~.ges‘allows,thisnozzle,to

havea highercoefficientof dischargethanothernozzlesde-,.
signedto givean equaldegreeof dispersion.Theenergyim-

partedto theoilby thepu~i~is:conserved

,infriction.

A combina,tioil,nozzlefor.theN.~.C.A.
,,!

wasdqsignedsothattwomainsprayswould

andnotdissipated

lITo.4 cylinderhead

providef,ortheair

inthethroat.andtheclearanceof thecylinderhead,and two
,,,

impingingjets,wereprovidedto givethespray.distributionbq-

twe,enthevalveheads(Fig.8). Thesgace,limitationof the,,
nozzlemadeitnecessaryforthefourorifices,tobe located

closetogether?.. Thesprayforthe,impingingjetswas sowell

dispersedt~latityas entraiiledwiththesprayf~onthemain

s jetsandcarriedalongwithitas shorninFigures9a and9b.

Althoughtilesprayfromthe ir.lp.i~~ing-jetnozzle\Tasnot

suitedforthecombustionchamberof anyothertestenginonow

beingtestedat,theN,A.C,A.Laboratory,an indicationof the

distribution~ndr~ixingof thecombustionairwas obtainedby

runningsomeof theseeilgineswiththisnozzle.As expected,

theresultwasa muchhiGherrateof pressurerisethanthat

withnozzles,h~,vinground-holeorifices..

$

.

.
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Conclusions

Althoughonlya fewof thesenozzleshavebeenbuilt,there

hasbeenno difficultyinaakingthemwithinthenecessarytol-

eranceto insureproper,iu.pi~enent.Theformationof theliq-

uid diskat theproperangleunder10Hpressuresas notedwith

thepreliminaryapparatusis a sufficientindicationthatthe

operationof a nozzleof thistypewillbe satisfactory.The

impinging-jetnozzleis simplerto constructandhasa higher

coefficientof dischargethananyotherneansusedat this

laboratoryforobtainingcomparabledispersion.

Theimpinging-jetnozzlegivesan apparentlywell-atomized

spraywithgooddispersion“overtheentirespraypattern.This

sprayhasa lowvelocityand,therefore,a smalltotalpene-

tration,but itswidedispersionallowsit tobe carriedalong

withairflowingat comparativelylowvelocities.Thisspray

shouldnotbe usedunlessotherconditionsin thecylinderand

combustionchaber areconduciveto itsproperutilization.

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,fiarch30,1931.
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FIG. 1

APPARLTUSFORPEELIMINMY INVESTIGATIONOFIMPINGING-JETS
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a-Straightroundhole
orifice

Fig.2

b-Exitedgerounded.

)’cl%

c-Taperedorifice.

.

d-Impinging–jetnozzle.

Fig.2
..
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lug. 5 “Fig. 3 rig. 4

Injeotionvalvesueedwithimpinging-jetnozzles.
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c

.012”
SectionC-C

Fig.8

Combustionchamberof
theN.A.G.A.cylinderhead
No.4 showingpredicted
sprayformation.

Fig.8

SectionAOB

Combinationnozzle.

,



. .

.

, . . .

Fig. 9a View through spray. Injection preseure 3500 cmnda per ~quere inch.
Ch~ber pressure 200 pounds per square inch.

\

,,

L- ,. ,-.,.,.
Fig. 9b View aoroaa Bpra.y. “-”l@eCtlOnpressure3500.mund6persquareMcb. w

~ Chamberpressure200pounds per square inch.
F
&w.

9
P Fig.9 Sprayphotographswithoombinatlonnozzle. cc
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